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(54) Diesel engine oil dilution managing device

(57) A diesel engine oil dilution managing device is
configured to act as an oil dilution detecting device to
determine if a premature combustion occurred before
fuel injection by an injector (103) based on an engine
parameter that correlates with an occurrence of the pre-
mature combustion, such as an amount of time required
for the crankshaft (107) to rotate per unit crank angle or

a rotational speed change rate (δ) of the crankshaft
(107). Moreover, the diesel engine oil dilution managing
device can have an engine output control section that is
configured to suppress the production of output power
by the engine when it is determined that the premature
combustion occurred before the fuel injection by, for ex-
ample, driving a throttle valve (102) in a close direction.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a diesel en-
gine oil dilution managing device for a diesel engine that
detects dilution of the engine oil by fuel. More specifi-
cally, the present invention relates to a technology uti-
lized in a diesel engine, which is configured and ar-
ranged to recirculate blow-by gas to the cylinders, to de-
tect dilution of the engine oil by fuel and to prevent un-
intended acceleration (i.e., unintended by the driver) re-
sulting from the dilution of the oil.

Background Information

[0002] In a conventional diesel engine, blow-by gas
that leaks from the combustion chamber through the pis-
ton rings is directed to an oil separator, which liquefies
the engine oil in the blow-by gas to separate the engine
oil from the blow-by gas. Then, the liquified oil is re-
turned to the oil pan and the remaining blow-by gas,
which contains unburned fuel, is recirculated to the cyl-
inders and combusted again. Thus, in such convention-
al diesel engine, an amount of unburned fuel released
to the atmosphere from the diesel engine can be re-
duced.
[0003] Moreover, as disclosed in Japanese PCT Pub-
lication No. H10-510028, the conventional diesel engine
can be provided with a knocking sensor so that the out-
put of the knocking sensor is used to monitor the condi-
tions inside the cylinders after the fuel is injected.
[0004] In view of the above, it will be apparent to those
skilled in the art from this disclosure that there exists a
need for an improved diesel engine oil dilution managing
device. This invention addresses this need in the art as
well as other needs, which will become apparent to
those skilled in the art from this disclosure.

SUMMARY OF THE INVENTION

[0005] In recent years, in response to the demand for
optimized combustion and appropriate exhaust gas
treatment, new technology for diesel engines has been
developed in which the fuel injection during each cycle
is divided into a plurality of injections including a main
fuel injection for producing output power and an auxiliary
fuel injection executed before or after the main fuel in-
jection. Examples of typical types of the auxiliary fuel
injections include a pilot injection, which is executed be-
fore the main fuel injection to improve the initial com-
bustion, and a post fuel injection, which is executed after
the main injection to increase the exhaust gas temper-
ature. These auxiliary fuel injections are executed at tim-
ings that are offset to the advanced side or the retarded
side of the timing that is optimum in view of the combus-

tion conditions or characteristics of the engine. Conse-
quently, the fuel injected with the auxiliary injections
tends to stick readily to the wall surface of the cylinder.
The fuel that sticks to the wall surface of the cylinder is
mixed with the engine oil which results in dilution of the
engine oil by the fuel.
[0006] If the dilution of the engine oil by the fuel be-
comes excessive, then the engine oil having a high fuel
content will be circulated to the inside of the engine and
the amount of unburned fuel contained in the blow-by
gas will increase. On the other hand, since the mixing
of the fuel into the engine oil raises the engine oil level
in the oil pan, the amount of engine oil carried away by
the blow-by gas increases. In a diesel engine, if blow-
by gas containing a large amount of unburned fuel is
recirculated into the cylinder, combustion of the un-
burned fuel will occur before fuel is injected from the in-
jector, possibly causing exhaust emissions to worsen
and knocking to occur.
[0007] In the conventional, general-purpose diesel
engine disclosed in the above mentioned reference, the
conditions inside the cylinder after the fuel is injected
are monitored with the knocking sensor as explained
above. However, the conditions that exist in the cylinder
before the fuel is injected are not monitored in such con-
ventional diesel engine. Furthermore, the above men-
tioned reference does not disclose an arrangement for
detecting dilution of the engine oil by fuel.
[0008] One object of the present invention is to detect
whether the engine oil in a diesel engine, which is con-
figured to recirculate blow-by gas to the cylinder, is di-
luted with fuel and to prevent the degradation of exhaust
emissions and the occurrence of knocking that can re-
sult from dilution of the engine oil by fuel.
[0009] In order to achieve the above mentioned object
and other objects of the present invention, a diesel en-
gine oil dilution managing device is provided that basi-
cally comprises an engine operation parameter detect-
ing section, a premature combustion determining sec-
tion and an oil dilution determining section. The engine
operation parameter detecting section is configured to
detect an engine operation parameter that correlates
with an occurrence of a premature combustion before
fuel injection by an injector into a cylinder. The prema-
ture combustion determining section is configured to de-
termine whether the premature combustion occurred
based on the engine operation parameter detected by
the engine operation parameter detecting section. The
oil dilution determining section is configured to deter-
mine that engine oil of a diesel engine is diluted with fuel
when the premature combustion determining section
determines that the premature combustion occurred.
[0010] These and other objects, features, aspects
and advantages of the present invention will become ap-
parent to those skilled in the art from the following de-
tailed description, which, taken in conjunction with the
annexed drawings, discloses preferred embodiments of
the present invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Referring now to the attached drawings which
form a part of this original disclosure:
[0012] Figure 1 is an overall schematic diagram illus-
trating constituent features of a diesel engine with a die-
sel engine oil dilution managing device that detects di-
lution of the engine oil by fuel and that controls the diesel
engine in accordance with a first embodiment of the
present invention;
[0013] Figure 2 is a flowchart for explaining a control
process for detecting oil dilution and controlling engine
operation executed by the diesel engine oil dilution man-
aging device in accordance with the first embodiment of
the present invention;
[0014] Figure 3 is a simplified diagrammatic view of a
table illustrating a relationship between base pulse
width versus engine rotational speed used in the diesel
engine oil dilution managing device in accordance with
the first embodiment of the present invention;
[0015] Figure 4 is a simplified diagrammatic view of a
table used for obtaining a dilution detection value for de-
tecting oil dilution based on the pulse width of an output
signal from a crank angel sensor in the diesel engine oil
dilution managing device in accordance with the first
embodiment of the present invention;
[0016] Figure 5 is a schematic diagram illustrating a
relationship between a cylinder pressure, a crank shaft
angular velocity, and an output pulse of the crank angle
sensor during the period before and after top dead cent-
er of the compression stroke under normal conditions
and conditions of diluted engine oil;
[0017] Figure 6 is a flowchart for explaining a control
process for detecting oil dilution and controlling engine
operation executed in a diesel engine oil dilution man-
aging device in accordance with a second embodiment
of the present invention; and
[0018] Figure 7 is a simplified diagrammatic view of a
table used for obtaining a dilution detection value for de-
tecting oil dilution based on a rotation change rate in
accordance with the second embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0019] Selected embodiments of the present inven-
tion will now be explained with reference to the draw-
ings. It will be apparent to those skilled in the art from
this disclosure that the following descriptions of the em-
bodiments of the present invention are provided for il-
lustration only and not for the purpose of limiting the in-
vention as defined by the appended claims and their
equivalents.
[0020] Referring initially to Figure 1, an engine control
device with a diesel engine oil dilution managing device
is illustrated in accordance with a first embodiment of
the present invention. Figure 1 shows the constituent

features of a diesel engine 1 (hereinafter referred simply
as "engine 1") in accordance with a first embodiment of
the present invention. In this embodiment, the engine 1
is preferably a direct fuel injection engine.
As explained below, the diesel engine oil dilution man-
aging device of the present invention is configured and
arranged to detect if the engine oil has been diluted with
fuel. Moreover, the diesel engine oil dilution managing
device of the present invention is configured and ar-
ranged to control the engine 1 to suppress the produc-
tion of output power by the engine 1 upon determining
that the engine oil is diluted with fuel. Thus, the diesel
engine oil dilution managing device can be considered
a diesel engine oil dilution detecting device with or with-
out an engine output control section.
[0021] The engine 1 has an air intake passage 101
with an air cleaner (not shown) installed in the inlet sec-
tion of the intake passage 101 for removing dust and
particles from the intake air. Also, a throttle valve 102 is
installed in the air intake passage 101 so that the cross
sectional are of the air intake passage 101 is expanded
or contracted by opening and closing the throttle valve
102 to control the intake air quantity. The engine 1 also
comprises a control unit 5 that is configured and ar-
ranged to control an actuator 102a configured and ar-
ranged to open and close the throttle valve 102. The in-
take air quantity decreases when the actuator 102a
drives the throttle valve 102 in a close direction. A plu-
rality of injectors 103 (only one shown in Figure 1) for
supplying fuel are installed in a cylinder head 104 of the
engine 1 such that each of the injectors 103 faces to-
ward the approximate center of an upper portion of the
combustion chamber of the respective cylinder of the
engine 1. A conventional common rail fuel supply ar-
rangement is preferably adopted in the engine 1. The
control unit 5 is also configured and arranged to control
operation of the injectors 103.
[0022] In this embodiment of the present invention,
each of the fuel injectors 103 is preferably configured
and arranged to execute a plurality of fuel injections per
cycle. More specifically, in this embodiment, the fuel
supplied to the engine 1 by each of the fuel injectors 103
during each cycle is divided into a main injection, a pilot
injection and a post injection. The main injection is ex-
ecuted near top dead center of the compression stroke
for the production of output power. The pilot injection is
executed at a timing that is more advanced than the
main injection. The post injection is executed at a timing
that is more retarded than the main injection. The
amount of fuel injected with the main injection is prefer-
ably adjusted in accordance with operating conditions
of the engine 1 (e.g., an accelerator position APO and
an engine rotational speed NE). With the pilot injection,
a small amount of fuel is injected for the purpose of im-
proving the initial combustion. The amount of fuel inject-
ed with the post injection is set in accordance with the
exhaust gas treatment requirements. Moreover, al-
though the pilot injection and the post injection are ex-
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ecuted in this embodiment as auxiliary injections in ad-
dition to the main injection, it is also acceptable to exe-
cute such auxiliary injections as a pre-injection for short-
ening the delay between the execution of the main in-
jection and the occurrence of ignition, and an after-igni-
tion for re-combusting particulates after the main injec-
tion.
[0023] After combustion in the cylinders of the engine
1, the exhaust gas is discharged into an exhaust pas-
sage 105 from the cylinders. A diesel particulate filter
(not shown) is installed in the exhaust passage 105. The
diesel particulate filter contains a porous filter element
that serves to capture and remove particulates from the
exhaust gas. When the quantity of particulates accumu-
lated in the filter element exceeds a prescribed quantity,
the post injection is executed to increase the tempera-
ture of the exhaust gas and combust the accumulated
particulates in the filter element, thereby regenerating
the diesel particulate filter.
[0024] The engine 1 is provided with a mechanism for
recirculating blow-by gas, which leaks out from the cyl-
inders to the crankcase, back to the cylinders. This
mechanism basically comprises a pressure control
valve 201 mounted to the cylinder head 104 and an oil
separator 202 configured to separate the oil from the
blow-by gas by liquefying the oil. As seen in Figure 1,
the pressure control valve 201 and the oil separator 202
are connected together through a first blow-by gas pas-
sage 203. The oil separator 202 and the oil pan 106 are
connected together through an oil pan return passage
204. The oil separator 202 and the air intake passage
101 (in this embodiment, a surge tank installed down-
stream of the throttle valve 102) are connected together
through a second blow-by gas passage 205. Conse-
quently, the blow-by gas inside the crankcase is drawn
into the blow-by gas passage 203 at a flow rate restrict-
ed by the pressure control valve 201 and flows into the
oil separator 202. In the oil separator 202, the oil is sep-
arated from the blow-by gas. The liquid oil separated
from the blow-by gas is returned to the oil pan 106
through the oil return passage 204. After exiting the oil
separator 202, the blow-by gas is drawn into the air in-
take passage 101 through the second blow-by gas pas-
sage 205 and treated by being combusted in the engine
1. In this embodiment, the inside of the crankcase and
the portion of the air intake passage 101 that is farther
upstream than the throttle valve 102 are linked together
by an air introduction passage 206 so that when blow-
by gas is treated, scavenging air is introduced into the
crankcase from the air intake passage 101 and flushes
the air and fumes inside the crankcase.
[0025] As seen in Figure 1, the engine 1 is provided
with various sensors for detecting the operating condi-
tions of the engine 1 such as an accelerator sensor 301,
a crank angle sensor 302, and a coolant temperature
sensor 303. The accelerator sensor 301 is configured
and arranged to detect an accelerator position APO of
an accelerator 10 and output signals indicative of the

acceleration position APO to the control unit 5. The
crank angle sensor 302 is configured and arranged to
detect a unit crank angle and a reference crank angle
of a crankshaft 107 and output signals indicative of the
unit crank angle and the reference crank angle of the
crankshaft 107 to the control unit 5. The coolant temper-
ature sensor 303 is configured and arranged to detect
a coolant temperature Tw and output signals indicative
of the coolant temperature Tw to the control unit 5. The
control unit 5 is configured and arranged to execute con-
trol of the injectors 103 for the normal state of the engine
1 based on these input signals. Moreover, the control
unit 5 is also configured and arranged to execute control
of the throttle valve 102 as described in detail later when
the engine oil is diluted.
[0026] The control unit 5 preferably includes a micro-
computer with an oil dilution detection control program
and engine control program that control the operations
of the engine 1 as discussed below. The control unit 5
can also include other conventional components such
as an input interface circuit, an output interface circuit,
and storage devices such as a ROM (Read Only Mem-
ory) device and a RAM (Random Access Memory) de-
vice. The microcomputer of the control unit 5 is pro-
grammed to control the injectors 103, the throttle valve
102 and various other components of the engine 1. The
memory circuit stores processing results and control
programs such as ones for the oil dilution detecting op-
eration that are run by the processor circuit. The control
unit 5 is operatively coupled to the injectors 103, the
throttle valve 102, the sensors and various other com-
ponents in a conventional manner. The internal RAM of
the control unit 5 stores statuses of operational flags and
various control data. The internal ROM of the control unit
5 stores the prescribed data such as maps and tables
for various operations. The control unit 5 is capable of
selectively controlling any of the components of the con-
trol system of the engine 1 in accordance with the control
program. It will be apparent to those skilled in the art
from this disclosure that the precise structure and algo-
rithms for the control unit 5 can be any combination of
hardware and software that will carry out the functions
of the present invention. In other words, "means plus
function" clauses as utilized in the specification and
claims should include any structure or hardware and/or
algorithm or software that can be utilized to carry out the
function of the "means plus function" clause.
[0027] More specifically, in this embodiment, the con-
trol unit 5 preferably constitutes an engine operation pa-
rameter detecting section, a premature combustion de-
termining section, an oil dilution determining section, an
injection control section, a requested load detecting sec-
tion and an oil suppression prohibiting section of the
present invention. In other words, the control unit 5 is
configured and arranged to function as the diesel engine
oil dilution managing device that can be considered a
diesel engine oil dilution detecting device with or without
an engine output control section of this embodiment.
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Moreover, the control unit 5 is also configured to execute
control of the engine 1 to achieve the output power cor-
responding to the accelerator position APO when en-
gine operating conditions are normal and control to sup-
press the production of output power by the engine 1
when it is detected that the engine oil is diluted with fuel.
In other words, the control unit 5 can be considered an
engine output control section configured to control op-
erations of the engine 1 to suppress production of output
power upon that the engine oil is diluted with fuel.
[0028] As explained above, in this embodiment, the
control unit 5 is configured to control the injectors 103
to execute the pilot injection and the post injection in
addition to the main injection. Moreover, the control unit
5 is configured to execute these auxiliary fuel injections
(i.e., the pilot injection and the post injection) at timings
that are offset to the advanced side or the retarded side
of the timing that is optimum in view of the combustion
characteristics of the engine 1. Thus, the fuel injected
with the auxiliary injections tends to stick readily to the
wall surfaces of the cylinders. The fuel that sticks to the
wall surfaces mixes with the engine oil and dilutes the
engine oil.
[0029] Thus, with the oil dilution managing (detecting)
device of the present invention, dilution of the engine oil
by fuel in the engine 1 is detected in a simple manner
by detecting premature combustion occurring before the
fuel is injected from the injector 103 based on an engine
operating parameter that correlates with an occurrence
of the premature combustion before fuel injection by the
injector 103. In the first embodiment of the present in-
vention, an amount of time required for the crankshaft
107 to rotate per unit crank angle is detected as the en-
gine operation parameter that correlates with the occur-
rence of the premature combustion. Also, with the
present invention, the control unit 5 is configured to ex-
ecute control that suppresses the production of output
power by the engine 1 when it is detected that the engine
oil is diluted with fuel. Thus, degradation of the exhaust
emissions resulting from dilution of the engine oil can
be avoided.
[0030] Figure 2 is a flowchart of a control process for
detecting oil dilution and controlling engine operation
executed by the control unit 5. This routine is preferably
executed once per prescribed amount of time.
[0031] In step S101, the control unit 5 is configured to
read in the output signal of the crank angle sensor 302.
In this embodiment, the output signal of the crank angle
sensor 302 is a unit crank angle position detection signal
outputted once per unit crank angle (e.g., every 10°).
[0032] In step S102, the control unit 5 is configured to
read in the injection start timing ITst. In a case where a
plurality of fuel injections is executed per cycle as in this
embodiment, the start timing for the injection that is ex-
ecuted earliest among the plurality of fuel injections is
read in as the injection start timing ITst. In this embodi-
ment, since the fuel is injected with three separate in-
jections (i.e., the pilot injection, the main injection and

the post injection), the injection start timing ITst is set to
the starting timing of the pilot injection.
[0033] In step S103, the control unit 5 is configured to
set an oil dilution detection region. The oil dilution de-
tection region is a monitoring period for detecting if the
engine oil is diluted with fuel. In this embodiment, the oil
dilution detection region is preferably set based on the
crank angle as the period from the start of the compres-
sion stroke (i.e., 180° before top dead center of the com-
pression stroke) until the injection start timing ITst.
[0034] In step S104, the control unit 5 is configured to
determine if the current crank angle position is in the oil
dilution detection region. If the current crank angle po-
sition is determined to be in the oil dilution detection re-
gion (Yes in step S104), the control unit 5 is configured
to proceed to step S105. If the current crank angle po-
sition is determined to be not in the oil dilution detection
region (No in step S104), the control unit 5 is configured
to end the routine and return.
[0035] In step S105, the control unit 5 is configured to
calculate the period the output pulse (hereinafter re-
ferred as pulse width) Wcurrent from the crank angle
sensor 302 (see Figure 5).
[0036] In step S106, the control unit 5 is configured to
read in the normal pulse width (hereinafter called "base
pulse width") Wbase corresponding to a reference pulse
width of the current operating condition under the nor-
mal conditions (i.e., when the engine oil is not diluted
with fuel). The base pulse width Wbase is preferably
read from a prescribed table such as one shown in Fig-
ure 3. In the table shown in Figure 3, the base pulse
width Wbase is plotted with respect to the engine rota-
tional speed NE such that the higher the engine speed
NE, the smaller the value to which the base pulse width
Wbase is set. The engine speed NE is preferably de-
tected as an average rotational speed per cycle based
on the output of the crank angle sensor 302 using a sep-
arately executed engine rotational speed detecting rou-
tine. Any conventional engine rotational speed detecting
routine can be utilized to detect the engine rotational
speed NE based on the output of the crank angle sensor
302.
[0037] In step S107, the control unit 5 is configured to
determine whether the difference between the pulse
width Wcurrent and the base pulse width Wbase (i.e.,
Wcurrent - Wbase) is larger than a prescribed dilution
determination value SL. In other words, the control unit
5 is configured to determine if the pulse width Wcurrent
has been extended from the base pulse width Wbase
by an amount that exceeds an allowable range, the al-
lowable range being defined such that the dilution de-
termination value SL is the upper limit thereof.
[0038] The dilution determination value SL is read
from a prescribed table such as one shown in Figure 4.
In the table shown in Figure 4, the dilution determination
value SL is plotted with respect to the engine rotational
speed NE and a fuel injection quantity Qf, which corre-
sponds to the engine load, such that the higher the ro-
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tational speed NE and the smaller the load, the smaller
the value to which the dilution determination value SL is
set. In this embodiment of the present invention, the fuel
injection quantity Qf is determined based on the fuel
quantity injected with the main injection. If the difference
between the pulse width Wcurrent and the base pulse
width Wbase (i.e., Wcurrent - Wbase) is larger than the
dilution determination value SL in step S107, the control
unit 5 is configured to proceed to step S108. On the oth-
er hand, if the difference between the pulse width Wcur-
rent and the base pulse width Wbase is not larger than
the dilution determination value SL in step S107, the
control unit 5 is configured to end the routine and return.
[0039] In step S108, the control unit 5 is configured to
determine that unintended or premature combustion is
occurring before the fuel is injected from the injector
103, i.e., that the engine oil is diluted with fuel, and illu-
minate a warning light or the like to inform a driver that
the engine oil needs to be changed.
[0040] In step S109, the control unit 5 is configured to
calculate an accelerator position change amount D (i.e.,
the amount of change in the load) that corresponds to
a change in the load requested by the driver for the en-
gine 1. The accelerator position change amount D is cal-
culated as the difference between the accelerator posi-
tion APOn of the accelerator 10 detected by the accel-
erator sensor 301 in the current control cycle and the
accelerator position APOn-1 detected by the accelerator
sensor 301 in the previous control cycle (i.e., APOn -
APOn-1).
[0041] In step S110, the control unit 5 is configured to
determine if the accelerator position change amount D
is less than or equal to a prescribed threshold value
Dacc. If the accelerator position change amount D is
less than or equal to the prescribed threshold value
Dacc in step S110, the control unit 5 is configured to
proceed to step S111 where the control unit 5 is config-
ured to execute an operation of the engine 1 to suppress
the production of the output power. If the accelerator po-
sition change amount D is larger than the prescribed
threshold value Dacc, the control unit 5 is configured to
end the routine and return. Step S110 is provided in or-
der to prevent the degradation of driving performance
which would result if control that suppresses engine out-
put (described in detail later) were executed while the
driver was accelerating the vehicle.
[0042] In step S111, the control unit 5 is configured to
drive the throttle valve 102 in the close direction to sup-
press the production of output power by the engine 1.
Since the control for suppressing the production of out-
put power by the engine 1 is executed in step S1 when
it is detected that the engine oil is diluted with fuel 11,
degradation of the exhaust emissions resulting from di-
lution of the engine oil can be avoided.
[0043] Figure 5 is a schematic diagram that concep-
tually illustrates a cylinder pressure Pc, a crank shaft
angular velocity Vangl, and the output pulse of the crank
angle sensor 302 during the period before and after top

dead center TDC of the compression stroke. A diagram
(a) of Figure 5 illustrates normal conditions of the engine
1 and a diagram (b) of Figure 5 illustrates the conditions
of the engine 1 when the engine oil is diluted.
[0044] During normal conditions as shown in the dia-
gram (a) of Figure 5, the period of the output pulse, i.e.,
the pulse width W, lengthens gradually as the cylinder
pressure Pc increases. After the fuel is injected from the
injector 103, the cylinder pressure Pc rises sharply due
to combustion and the pulse width W shortens. After the
crank angle passes the top dead center TDC, the pulse
width W lengthens again as the cylinder pressure Pc de-
creases. Thus, the angular velocity Vangl follows a re-
peating cycle of decreasing gradually before the fuel is
injected, increasing sharply due to the combustion, and
then gradually decreasing again. Conversely, when the
oil is diluted by fuel as shown in the diagram (b) of Figure
5, the fuel contained in the blow-by gas combusts at the
timing CA1 during the compression stroke before the fu-
el is injected from the injector 103. This unintended, pre-
mature combustion before the fuel injection by the in-
jector 103 retards the rotation of the crankshaft 107 by
causing a torque oriented in the opposite direction of the
forward rotation to be generated. As a result, the pulse
width Wcurrent lengthens and the angular velocity Vangl
decreases rapidly as shown in the diagram (b) of Figure
5. As explained above, in this embodiment, the occur-
rence of the premature combustion before the fuel in-
jection is detected based on the change in the pulse
width W from the normal value (i.e., Wbase - Wcurrent).
Since it is assumed in the present invention that the pre-
mature combustion occurring before the fuel is injected
by the injector 103 is caused by dilution of the engine
oil, the control unit 5 is configured to determine that en-
gine oil is diluted when the occurrence of the premature
combustion is detected.
[0045] In this embodiment, steps S101 and S105 of
the flowchart shown in Figure 2 constitute the engine
operation parameter detecting section, steps S102 to
S104, S106, and S107 constitute the premature com-
bustion determining section, and step S108 constitutes
the oil dilution determining section. Also, step S111 of
the flowchart shown in figure 2 constitutes the engine
output control section, step S109 constitutes the re-
quested load detecting section, and S110 constitutes
the output suppression prohibiting section.
[0046] Accordingly, with the first embodiment of the
present invention, the control unit 5 is configured to de-
tect if the engine oil in the engine 1 has become diluted
with fuel by detecting if premature combustion is occur-
ring before fuel is injected from the injectors 103. More-
over, the occurrence of premature combustion is detect-
ed based on the change in the pulse width W. As a result,
dilution of the engine oil by fuel can be detected in a
simple manner.
[0047] Moreover, when the control unit 5 detects that
the engine oil is diluted with fuel, the engine control de-
vice (i.e., the control unit 5) of the first embodiment is
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configured to execute control to suppress the production
of output power by the engine 1. As a result, the prema-
ture combustion of the fuel in the blow-by gas can be
prevented from continuing until the regular intended
combustion timing or causing the regular intended com-
bustion to become excessively active. Thus, degrada-
tion of the exhaust emissions and the occurrence of
knocking can be avoided.
[0048] Furthermore, this embodiment of the present
invention is configured to calculate the accelerator po-
sition change amount D and only execute control for
suppressing the output of the engine if the vehicle is not
being accelerated (i.e., if the accelerator position
change amount D is equal to or less than the threshold
value Dacc). As a result, situations in which the driving
performance declines because the engine output is sup-
pressed during acceleration can be avoided.

SECOND EMBODIMENT

[0049] Referring now to Figures 6 and 7, a diesel en-
gine oil dilution managing (detecting) device in accord-
ance with a second embodiment will now be explained.
In view of the similarity between the first and second em-
bodiments, the parts of the second embodiment that are
identical to the parts of the first embodiment will be given
the same reference numerals as the parts of the first
embodiment. Moreover, the descriptions of the parts of
the second embodiment that are identical to the parts of
the first embodiment may be omitted for the sake of
brevity.
[0050] The diesel engine oil dilution managing device
of the second embodiment is basically identical to the
first embodiment, except for the control routine for de-
tecting the oil dilution. In other words, the oil dilution
managing device of the second embodiment can be ap-
plied to the diesel engine 1 in the first embodiment as
shown in Figure 1. More specifically, the second embod-
iment of the present invention defers from the first em-
bodiment of the present invention only in that the control
unit 5 is configured to execute a control process illus-
trated in the flowchart of Figure 6 for detecting the oil
dilution instead of the control process shown in Figure 2.
[0051] Figure 6 is a flowchart of the oil dilution detect-
ing routine used in the second embodiment of the
present invention. In the second embodiment too, the
control process for detecting the oil dilution and for op-
erating the engine 1 as shown in Figure 6 is preferably
executed by the control unit 5 once per prescribed
amount of time. In the flowchart shown in Figure 6, steps
that are identical to the steps of the first embodiment
shown in Figure 2 are assigned the same reference nu-
merals.
[0052] In steps S101 to S104, the control unit 5 is con-
figured to read in the output of the crank angle sensor
302, and proceed to step S201 if the control unit 5 de-
termines that the current crank angle position is within
the oil dilution detection region as explained above with

referring to Figure 2.
[0053] In step S201, the control unit 5 is configured to
detect the period of the output pulse of the crank angle
sensor 302 and calculate an angular velocity Vangln of
the crankshaft 107 based on the detected period.
[0054] In step S202, the control unit 5 is configured to
subtract the angular velocity Vangln-1 calculated in the
previous control cycle from the angular velocity Vangln
calculated in the current control cycle (i.e., Vangln - Van-
gln-1) to obtain a rotational speed change rate δ, i.e., the
change in rotation per period of the output pulse from
the crank angle sensor 302.
[0055] In step S203, the control unit 5 is configured to
determine if the rotational speed change rate δ is smaller
than a prescribed dilution determination value δ1. The
dilution determination value δ1 is preferably read from
a prescribed table such as one shown in Figure 7. The
dilution determination value δ1 is plotted as a negative
value with respect to the engine rotational speed NE and
the fuel injection quantity Qf such that the higher the ro-
tational speed NE and the smaller the load, the smaller
the absolute value of the value to which the dilution de-
termination value δ1 is set. If the rotational speed
change rate δ is smaller than the dilution determination
value δ1 (Yes in step S203), the control unit 5 is config-
ured to proceed to step S108. If the rotational speed
change rate δ is not smaller than the dilution determina-
tion value δ1 (No in step S203), the control unit 5 is con-
figured to end the routine and return.
[0056] In step S108 and subsequent steps, the control
unit 5 is configured to determine that the engine oil is
diluted by fuel and issue a warning to the driver. Then,
so long as the vehicle is not being accelerated, the con-
trol unit 5 is configured to drive the throttle valve 102 in
the close direction to suppress the production of output
power by the engine 1 as explained above with referring
to Figure 2.
[0057] In the second embodiment, steps S101, S201
and S202 of the flowchart shown in Figure 6 constitute
the engine operation parameter detecting section, step
S203 constitutes the premature combustion determin-
ing section, and step S108 constitutes the oil dilution
determining section. Moreover, step S111 of the flow-
chart shown in Figure 6 constitutes the engine operation
control section, step S109 constitutes the required load
detecting section, and S110 constitutes the output sup-
pression prohibiting section.
[0058] The effects that can be obtained with the sec-
ond embodiment are basically the same as those that
can be obtained with the first embodiment of the present
invention explained above. More specifically, with the
second embodiment, dilution of the engine oil by fuel
can be detected in a simple manner based on the rota-
tional speed change rate δ. When dilution of the oil is
detected, degradation of the exhaust emissions and the
occurrence of knocking can be avoided by executing
control to suppress the output of the engine 1. Addition-
ally, the driving performance of the vehicle can be en-
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sured by prohibiting the engine output suppression con-
trol when the vehicle is being accelerated.
[0059] In the embodiments described herein, an en-
gine operation parameter is detected in order to detect
if unintended or premature combustion is occurring be-
fore the intended combustion (i.e., combustion of the fu-
el injected by the injector 103). In the present invention,
the occurrence of the premature combustion is as-
sumed to be caused by dilution of the engine oil by fuel.
In the first embodiment of the present invention, the pe-
riod W of the output signal of the crank angle sensor 302
(i.e., the amount of time required for the crankshaft 107
to rotate per unit crank angle) is detected as the engine
operation parameter. In the second embodiment of the
present invention, the rotational speed change rate δ
which correlates with the amount of time required for the
crankshaft 107 to rotate per unit crank angle is detected
as the engine operation parameter that correlates with
the occurrence of premature combustion.
[0060] In the present invention, it is also acceptable
to use the cylinder pressure as the engine operation pa-
rameter for detecting the premature combustion. More
specifically, a pressure sensor configured to detect the
cylinder pressure or a knocking sensor configured to re-
act to combustion vibrations can be provided with the
engine 1 and the output of the sensor can be used to
detect if the premature combustion is occurring before
fuel is injected from the injector 103. The engine control
device can then be configured such that, when the pre-
mature combustion before fuel injection is detected, the
engine control device determines that the engine oil is
diluted with fuel, illuminate a warning lamp or otherwise
issue a warning, and control the engine in accordance
with the detection result.
[0061] Additionally, in the embodiments described
herein, the throttle valve 102 is driven in the close direc-
tion to reduce the intake air quantity to suppress the pro-
duction of output power by the engine 1 when it is de-
tected that the engine oil is diluted with oil. However, it
will be obvious to one skilled in the art from this disclo-
sure that it is also acceptable to use another method of
suppressing the engine output. For example, the control
unit 5 can be configured to stop or suspend the injection
of fuel by the injectors 103 to suppress the production
of the output by the engine 1.
[0062] As used herein to describe the above embod-
iments, the following directional terms "forward, rear-
ward, above, downward, vertical, horizontal, below and
transverse" as well as any other similar directional terms
refer to those directions of a vehicle equipped with the
present invention. Accordingly, these terms, as utilized
to describe the present invention should be interpreted
relative to a vehicle equipped with the present invention.
[0063] The term "detect" as used herein to describe
an operation or function carried out by a component, a
section, a device or the like includes a component, a
section, a device or the like that does not require phys-
ical detection, but rather includes determining or com-

puting or the like to carry out the operation or function.
The term "configured" as used herein to describe a com-
ponent, section or part of a device includes hardware
and/or software that is constructed and/or programmed
to carry out the desired function. Moreover, terms that
are expressed as "means-plus function" in the claims
should include any structure that can be utilized to carry
out the function of that part of the present invention. The
terms of degree such as "substantially", "about" and "ap-
proximately" as used herein mean a reasonable amount
of deviation of the modified term such that the end result
is not significantly changed. For example, these terms
can be construed as including a deviation of at least ±
5% of the modified term if this deviation would not ne-
gate the meaning of the word it modifies.
[0064] While only selected embodiments have been
chosen to illustrate the present invention, it will be ap-
parent to those skilled in the art from this disclosure that
various changes and modifications can be made herein
without departing from the scope of the invention as de-
fined in the appended claims. Furthermore, the forego-
ing descriptions of the embodiments according to the
present invention are provided for illustration only, and
not for the purpose of limiting the invention as defined
by the appended claims and their equivalents. Thus, the
scope of the invention is not limited to the disclosed em-
bodiments.

Claims

1. A diesel engine oil dilution managing device com-
prising:

an engine operation parameter detecting sec-
tion (steps S101 and S105, steps S201 and
S202) configured to detect an engine operation
parameter that correlates with an occurrence of
a premature combustion before fuel injection by
an injector (103) into a cylinder;
a premature combustion determining section
(steps S102 to S104, S106, S107, steps S203)
configured to determine whether the premature
combustion occurred based on the engine op-
eration parameter detected by the engine op-
eration parameter detecting section; and
an oil dilution determining section (steps S108)
configured to determine that engine oil of a die-
sel engine (1) is diluted with fuel when the pre-
mature combustion determining section deter-
mines that the premature combustion occurred.

2. The diesel engine oil dilution managing device as
recited in claim 1, wherein

the engine operation parameter detecting
section is configured to detect an amount of time
required for a crankshaft (107) to rotate per unit
crank angle as the engine operation parameter.
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3. The diesel engine oil dilution managing device as
recited in claim 1, wherein

the engine operation parameter detecting
section is configured to detect a rotational speed
change rate (δ) of a crankshaft (107) as the engine
operation parameter.

4. The diesel engine oil dilution managing device as
recited in anyone of claims 1 to 3, further compris-
ing:

an injection control section (5) configured to
control the injector (103) to execute a plurality
of fuel injections per cycle including at least a
first fuel injection for producing output power
and a second fuel injection executed before or
after the first fuel injection.

5. The diesel engine oil dilution managing device as
recited in claim 4, wherein

the oil dilution determining section is config-
ured to determine whether the premature combus-
tion occurred before an earliest fuel injection among
the plurality of fuel injections.

6. The diesel engine oil dilution managing device as
recited in anyone of claims 1 to 5, wherein

the oil dilution determining section is config-
ured to determine whether the premature combus-
tion occurred during a compression stroke before
the fuel injection by the injector (103).

7. The diesel engine oil dilution managing device as
recited in anyone of claims 1 to 6, further comprising

an engine output control section (step S111)
configured to control operations of the diesel engine
(1) to suppress production of output power when the
oil dilution determining section determines that the
engine oil is diluted with fuel.

8. The diesel engine oil dilution detecting device as re-
cited in claim 7, wherein

the engine operation control section is config-
ured to drive a throttle valve (102) of the diesel en-
gine (1) in a close direction to reduce intake air
quantity drawn into the diesel engine (1) when the
oil dilution determining section determines that the
engine oil is diluted with fuel.

9. The diesel engine oil dilution managing device as
recited in claim 7 or 8, wherein

the engine operation control section is config-
ured to substantially stop the fuel injection by the
injector (103) when the oil dilution determining sec-
tion determines that the engine oil is diluted with fu-
el.

10. The diesel engine oil dilution managing as recited

in anyone of claims 7 to 9, further comprising:

a requested load detecting section (step S109)
configured to detect a change in a load request-
ed from the diesel engine (1) per unit time; and
an output suppression prohibiting section
(steps S110) configured to prohibit the engine
operation control section from executing con-
trol to suppress the production of the output
power when an amount of the change in the
load requested from the diesel engine (1) per
unit time detected by the requested load detect-
ing section is larger than a prescribed value.
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